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PREFACE 


The  work  covered  by  this  report  was  accomplished  by  Frank  L.  Harris  under  the 
direction  of  Emil  J.  York,  Chief,  Material  Technology  Laboratory.  U.S.  Army  Mobility 
Equipment  Research  and  Development  Command.  The  effort  constitutes  a part  of  the 
U.S.  Army  Materials  Testing  Technology  (MTT)  program  to  provide  better  procedures 
in  chemical,  mechanical,  and  nondestructive  testing  techniques  to  increase  inspection 
efficiency  for  material/materiel  procured  by  the  U.S.  Army  Materiel  Development  and 
Readiness  Command.  Technical  contributions  in  program  modification  and  conversion 
were  made  by  Arthur  L.  Nicklcss,  Scientific  and  Engineering  Applications  Division. 
Management  Information  Systems  Office,  Ml  RAIX'OM. 
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COMPUTER  TECHNOLOGY  IN  MATERIALS  ANALYSIS 


PART  I.  METALS  AND  ALLOYS 

I.  INTRODUCTION 

1.  Statement  of  the  Problem.  To  significantly  decrease  the  time  and  effort  re- 
quired to  evaluate  photographed  emission  spectra  used  in  the  analysis  of  metals  and 
alloys. 

2.  Background.  Speetrographic  techniques  are  used  at  Ml  RADCOM  for  the 
analysis  of  many  kinds  of  materials,  ranging  from  ferrous  and  nonferrous  metals  to 
ceramics  and  paint  pigments.  This  variety  of  sample  types  makes  the  use  of  rapid, 
direct-reading  emission  spectrographs  impractical,  and  slower,  photographic  methods 
have  been  adopted.  A faster  means  of  obtaining  quantitative  answers  from  photo- 
graphed emission  spectra  would  constitute  a significant  advance  in  our  materials  testing 
and  engineering  capabilities. 


At  the  present  time,  photographed  spectra  are  evaluated  by  obtaining  trans- 
mission values  from  a conventional  microphotometer.  The  values  for  all  spectral  lines 
of  interest  are  manually  recorded  on  a printed  form  designed  tor  this  purpose.  This  is 
one  of  the  most  time-consuming  and  tedious  portions  of  the  analysis.  I o obtain  trans- 
mission values  for  a completely  filled  plate,  for  example,  can  require  several  man-hours 
depending  upon  the  number  of  spectral  lines  to  be  used  in  the  analysis. 

Still  more  time  consuming  is  the  treatment  of  the  spectral  line  transmission 
values  after  they  have  been  recorded.  A slide  rule  type  calculating  device  is  used  to 
construct  a calibration  curve  for  the  photographic  emulsion  being  used.  This  curve  re- 
lates the  percent  transmission  of  a spectral  line  to  the  intensity  of  the  light  producing 
the  line  and  is  used  to  determine  intensities  for  all  lines  used  in  the  analysis.  Einally. 
an  analytical  working  curve  is  prepared  by  plotting  line  intensity  against  concentration 
using  a set  of  known  standard  materials.  A separate  working  curve  is  prepared  for  each 
element  to  be  determined.  Concentrations  of  unknown  samples  are  then  obtained  In 
comparison  of  their  line  intensities  to  the  working  curve.  I he  two  avenues  open  for  so- 
lution of  the  problem  are:  (1 ) increase  the  speed  of  acquiring  transmission  values  and 
(2)  increase  the  speed  of  converting  transmission  values  into  concentrations  Ibis  re 
port  discusses  the  current  status  of  the  project  and  describes  equipment  acquired  hu 
the  purpose  of  automatic  acquisition  of  transmission  values  and  how  the  M I R AIK  < >M 
computer  is  used  to  perform  the  tedious  calculations  and  curve  plotting  required 


II.  EXPERIMENTAL  PROCEDURE 


3.  Approach  to  the  Problem.  Several  computer  programs  were  obtained  for  the 
purpose  of  handling  spectrographic  data.  The  first  of  these,  which  is  currently  in  rou- 
tine use.  requires  that  the  transmission  data  be  obtained  from  a conventional  densi- 
tometer and  entered  into  the  computer  on  punched  cards,  along  with  the  fixed  data, 
such  as  the  filter  factor  and  the  concentrations  of  the  standards  being  used. 

The  computer  then  calculates  all  line  intensities  from  the  transmission  data, 
plots  the  final  emulsion  calibration  curve,  plots  all  working  curves,  and  computes  an- 
swers for  unknown  samples.  Figures  1 and  2 are  examples  of  computer-plotted  curves. 
Figure  la  is  the  final  emulsion  calibration  curve  for  an  SA  No.  1 plate.  Figure  lb  gives 
the  set  of  points  used  to  plot  the  emulsion  calibration  curve  of  Figure  la.  Transmit- 
tances  and  corresponding  intensities  are  given  as  well  as  the  natural  logarithms  of  these 
values.  Figure  2a  is  a working  curve  for  nickel  in  copper  base  alloys.  Figure  2b  gives 
the  set  of  points  used  by  the  computer  to  plot  the  working  curve  of  Figure  2a.  The 
computer  fits  all  of  the  above  curves  by  a polynomial  regression  procedure  and  prints 
the  regression  coefficients  of  each  curve. 

A number  of  government  and  private  laboratories  have  used  computer  tech- 
nology to  process  transmission  data  taken  from  spectrographic  plates  with  convention- 
al densitometers.  In  recent  years,  however,  digital  scanning  densitometers  capable  of 
acquiring  transmission  values  rapidly  and  automatically  have  appeared  on  the  market 
and  computer  programs  have  been  developed  to  process  transmission  values  obtained  in 
this  way.  Such  an  instrument  was  recently  acquired  by  this  Laboratory'  (see  Figure  3). 

This  instrument  is  designed  to  scan  each  spectrum  on  the  plate  with  a beam 
of  light  which  is  sampled  by  a photomultiplier  tube  at  a predetermined  regular  interval 
of  scanned  distance.  The  light  sampling  interval  is  selectable  from  five  values  ranging 
from  2.5  to  40  microns  of  travel  along  the  plate  and  should  be  chosen  to  meet  any  con- 
straints of  spectrum  line  width  as  defined  by  a given  computer  program.  Each  time  the 
phototube  samples  the  light  beam,  it  produces  an  analog  electrical  signal  which  is  then 
digitized  and  recorded  on  magnetic  tape.  Approximately  100.000  readings  arc  taken 
for  each  spectrum. 

One  of  the  several  computer  programs  previously  mentioned,  developed  at 
the  US  Geological  Survey,  is  being  modified  to  make  its  input  routines  compatible  with 
our  scanning  densitometer.  When  modification  is  complete,  much  better  accuracy  will 
be  attainable  in  reading  tape-recorded  spectra  into  the  computer.  The  logic  of  this  pro- 
gram enables  it  to  find  among  the  recorded  transmission  readings,  spectrum  lines  whose 
wavelength,  element  symbol,  estimated  position  along  the  plate,  and  other  constants, 
have  been  read  into  the  computer  previously  as  fixed  data,  and  then  to  calculate  the 


intensity  of  each  line  found,  finally  computing  the  concentration  of  each  element 
sought. 

4.  Results.  Although  the  system  is  not  yet  completely  automated  to  do  the 
actual  plate  reading,  the  computer  is  being  used  to  perform  the  calculations  and  graph- 
ics required  to  obtain  answers.  This  section  presents  a sample  of  results  obtained  for 
the  analysis  of  a low  alloy  steel.  T'  e tab'e  compares  results  for  the  determination  of 
silicon,  nickel,  and  chromium  using,  in  one  case,  the  conventional  manual  calculating 
technique  and.  in  the  other,  the  computer. 


Analysis  of  a Low  Alloy  Steel 


Silicon Chromium  Nickel 


Manual 

Computer 

Manual 

Computer 

Manual 

Computer 

Gear  No.  1 

0.31 

0.34 

0.49 

0.49 

0.47 

0.51 

Gear  No.  2 

0.31 

0.29 

0.43 

0.48 

0.46 

0.47 

III.  DISCUSSION  AND  CONCLUSIONS 

5.  Discussion.  The  present  status  ot  the  project  allows  the  spectrographer  to 
manually  record  transmission  values  on  computer  coding  sheets  in  a format  compatible 
with  the  program  input  statements.  The  coding  sheets  are  then  submitted  to  the  com- 
puter center  for  keypunching.  The  punched  data  deck  is  read  into  the  computer,  re- 
lieving the  spectrographer  of  the  task  of  constructing  emulsion  calibration  curves  and 
working  curves  and  of  calculating  results  for  unknowns.  T his  represents  a considerable 
saving  in  time;  a low  alloy  steel,  for  example,  can  now  be  analyzed  in  half  the  time 
previously  required  with  no  loss  in  quantitative  accuracy. 

The  table  indicates  that  there  is  good  agreement  between  the  conventional 
manual  technique  and  the  computer  for  calculation  of  analytical  results.  As  mentioned 
earlier,  a third  and  final  computer  program,  developed  at  the  U.S.  Geological  Survey, 
is  currently  being  modified  to  fit  the  requirements  of  the  scanning  densitometer  shown 
in  f igure  3.  This  program  was  originally  written  for  use  with  a scanner  which  reads  20 
inches  of  spectrum  in  one  pass.  At  the  present  time,  scanners  with  this  capability  are 
not  available  commercially.  Most  are  designed  to  scan  only  10  inches  in  a single  pass. 
Modification  of  the  program  involves  a rewriting  of  its  input  routines  such  that  two 
10-inch  scans  will  appear  to  the  computer  as  a single  20-inch  pass.  These  modifications 
and  the  automated  scanning  system  will  be  discussed  in  detail  in  a later  report. 
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Figure  2b.  Set  of  points  used  by  the  computer  to  plot  the  working  curse  for  nickel  in  copper  base  alloys. 


Figure  3.  Digital  scanning  densitometer. 

The  calibration  curves  anil  numerical  data  appearing  in  the  Appendix  were 
generated  by  the  computer  during  the  analysis  of  the  low  alloy  steel  mentioned  previ- 
ously. I he  computer  tits  two  curves  for  each  element,  one  with  concentration  limits 
and  one  without;  determines  the  regression  coefficients  for  each;  and  suggests  upper 
and  lower  concentration  limits  for  each  curve.  Ml  curves  are  fitted  both  as  first-degree 
and  second-degree  polynomials,  and  the  program  classifies  all  of  the  second-degree 
curves  on  a scale  of  zero  to  ten  based  on  a consideration  of  the  following  factors. 

( lass  = 0 if  less  than  three  points  are  supplied. 

Class  - 1 for  three  points. 

( lass  = 2 for  four  points  if  the  standard  deviation  is  greater  than  0.5. 

X 


The  class  value  may  then  range  up  to  a maximum  of  10  according  to  Wal- 
thall’s formula: 

Class  Value  = (Points  factor  + sigma  factor  + residual  factor)/3  where: 

Points  factor  = 4 if  there  are  4 points  to  fit.  or 
= 1 0 for  5 or  more  points. 

Sigma  factor  = 6 if  there  are  4 points  to  fit.  or 

= 1 if  standard  deviation  is  greater  than  0.9.  or 
= 1 0 - 1 Ox  standard  deviation. 

Residual  factor  = lOx  (fraction  of  points  having  a residual  less  than  or 
equal  to  0. 1 ). 

The  higher  the  class  value,  the  more  useful  is  the  curve. 

6.  Conclusions. 

a.  The  computer  programs  described,  although  originally  written  for  the 
analysis  of  silicate  rocks,  have  been  shown  to  be  effective  when  applied  to  the  analysis 
of  metals  and  alloys,  both  ferrous  and  nonferrous. 

b.  The  two  programs  currently  in  use  have  completely  eliminated  the  re- 
quirement for  the  calculating  board  for  construction  of  calibration  curves  and  the  com- 
putation of  concentrations. 

c.  A third  program  to  allow  for  the  automated  acquisition  of  transmission 
values  from  our  scanning  densitometer  is  currently  undergoing  modification  to  make  it 
compatible  with  this  equipment.  It  is  expected  that  this  last  task  will  be  completed  in 
the  near  future. 
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APPENDIX 

Working  Curves  and  Numerical  Output  Used  for  the  Analyses  Reported  in  the  Table,  Page  3. 
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